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Nowadays, organic-inorganic hybrid materials have acquired considerable scientific 
attention due to the fact that they can be building blocks in nanocomposite. Especially, cage-like 
silsesquioxane can be distinguished from other three-dimension (3D) architectures of organic-
inorganic hybrid material in the facile functionalization, monodispersed properties, and free from 
harmful transition metals. Besides, silsesquioxane combines the properties of an inorganic core 
and the reachable organic functional group in the nanometer dimension. The advantage is the 
flexibility and reactivity of the adjustable functional group leading to the accessible preparation of 
various materials with excellent thermal and mechanical stabilities. 
This project focuses on the synthesis of novel materials based on double-decker 
silsesquioxane (DDSQ) and polyhedral oligomeric silsesquioxane (POSS). Having the siloxane 
inorganic skeleton core and ambient organic functional groups of DDSQ and POSS, chemical and 
physical properties depend on the kinds and the number of functional groups joined to the core. 
The development of novel and efficient methods for DDSQ and POSS with various functional 
groups, including the study of a structure/property relationship, becomes an important study. 
Dichloro-substituted silanes and oligosiloxanes are considered to be a necessary synthetic 
precursor for siloxane linkage formation. Because its corresponding Si-Cl group is usually used to 
react with Si-O– group by a capping reaction leading to larger molecular weight siloxane 
compounds. As the useful precursors of well-defined siloxane synthesis, the preparation of those 
compounds, such as dichloroisopropylphenylsilane, isopropylphenylsilane, 1,3-diisopropyl-1,3-
diphenyldisiloxane, 1,3-dichloro-1,3-diisopropyl-1,3-diphenyldisiloxane, 1,3-dichloro-1,1,3,3-
tetraphenyldisiloxane, 1,1,3,3-tetramethyldisiloxane-1,3-diol, 1,1,3,3,5,5,7,7-
octamethyltetrasiloxane, and 1,7-dichloro-1,1,3,3,5,5,7,7-octamethyltetrasiloxane, through the 
Grignard reaction, chlorination, and hydrolytic condensation, were prepared and described. 
As the first project, DDSQ derivatives with isopropyl (i-Pr) and phenyl (Ph) functional 
groups were studied and synthesized as a rigid structure. We described the successful synthesis of 
tetra(dimethylsilyl)-bridged double-decker octaphenylsilsesquioxane (HT8M4), di(diphenylsilyl)-
bridged double-decker octaphenylsilsesquioxane (PhT8D2Ph), di(diisopropylsilyl)-bridged 
double-decker octaphenylsilsesquioxane (i-PrT8D2), and di(tetraphenylsiloxyl)-bridged double-
decker octaphenylsilsesquioxane (PhT8D4) from DDSQ-ONa under mild conditions. From the 
crystal data, the hole inside each molecule differed in size, depending on the siloxane linkages and 
organic substitution.  Additionally, their high thermal stability was indicated by Td5 values of 
˃350 °C, which are attractive features as building blocks. 
Moreover, novel polyhedral structures were prepared with a butterfly-shape comprised of 
oligosiloxane wings and a DDSQ body. The compounds were synthesized in two steps from 
commercially available alkoxysilanes, and their structures were confirmed using spectroscopic 
methods and X-ray crystallography. Not like other phenyl-substituted cage silsesquioxanes, these 
butterfly cages show very good solubility in common organic solvents. The crystal structures 
clearly showed their unique features: a larger inner space with longer siloxane chains, and very 
flexible framework. Moreover, these compounds are thermally stable with a Td5 (5% weight loss 
temperature) over 320 °C. With a highly efficient and fast reaction, we believe that this procedure 
can be extended to other novel siloxanes, showing great potential for the synthesis of DDSQs. 
Secondly, the one-pot synthesis of an unsymmetrical double-decker siloxane 
(tetraphenylsiloxyl-bridged double-decker octaphenylsilsesquioxane) with a novel structure via 
the reaction of double-decker tetrasodiumsilanolate with 1 equiv. of dichlorotetraphenyldisiloxane 
in the presence of an acid is reported herein for the first time. The target compound bearing all 
phenyl substituents on the unsymmetrical siloxane structure was successfully obtained. 
Additionally, the thermal properties of the product were evaluated by TG/DTA and compared with 
those of other siloxane cage compounds. Because of its unique structure with all-phenyl groups, 
this compound may be advantageous for the encapsulation of ions or photochemical applications. 
According to the previous results, mainly T8 cage was obtained from the hydrolytic 
condensation of alkoxysilanes due to the high symmetry and good crystallinity properties. 
Meanwhile, another-sized cages (T10 and T12) have high solubility in the organic solvent and 
physical and thermal properties apart from T8. Therefore, the preparation of different cage-size 
POSSs is interesting in the viewpoint of the unique relationship between structure and 
chemical/physical properties in each cage. Base-catalyzed cage-rearrangement reaction of 
silsesquioxane using potassium carbonate that can attack directly into a siloxane bond afforded the 
reconstruction of cage conformation. In this study, cage-rearrangement reaction of phenyl (Ph), 
isobutyl (i-Bu), and tertbutyl (t-Bu) substituted POSSs were investigated. 
Supramolecular structures have been required in a wide variety of research fields and 
industrial applications. The developments of a convergent synthesis of new polymeric 
nanocomposite by using 3D building blocks to tune material properties have been intriguing. One 
of the most noticeable nano-building block molecules is organic-inorganic hybrid material based 
on POSS. To the best of our knowledge, there have not been any reports on the synthesis of a 
supramolecular polymer based on ionic interactions between anionic and cationic organic arms of 
the difference POSSs. Here, the mixture of sodium octakis(3-propyl sulfonate)octasilsesquioxane 
and octakis(3-(1-methylimidazolium)propyl)octasilsesquioxane chloride was studied and 
synthesized through electrostatic interaction to obtain a self-assembled polymeric nanocomposite. 
In summary, I could obtain many novel compounds with silsesquioxane framework, and 
their structure, physical properties, and stability were examined in detail for the future application 
of well-defined materials. Currently several collaborations are in progress for photochemical 
application and low-k materials. 
 
 
 
